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© DEVICE FOR READING OUT COORDINATE. 

© A device for reading out coordinates which Is 
provided with a part for reading out coordinates in 
which a plurality of exciting wire groups and a plural- 
ity of sensing wire groups are laid, a coordinate 
indicator which has a resonance circuit comprising a 
coil and a capacitor, and in which one or more series 
circuits each of which comprises a switch and a 
capacitor are connected in parallel with the reso- 
nance circuit, a first selecting circuit which selects 
successively the exciting wire groups, a second se- 
lecting circuit which selects successively the sensing 
wire groups, an exciting circuit which Is connected 
with the first selecting circuit and feeds exciting 
signals, each having a frequency neighbouring the 
resonance frequency of the resonance circuit, to the 
exciting wire groups, an amplitude sensing circuit 



which is connected with the second selecting circuit 
and senses the amplitudes of induction signals in- 
duced in the sensing wire groups, a phase sensing 
circuit which senses the phases of the induction 
signals induced by the exciting signals, an amplitude 
storing means which stores the output of the am- 
plitude sensing circuit, a phase storing means which 
stores the output of the phase sensing circuit, a 
controlling circuit which judges the states of the 
switches in the coordinate indicator according to the 
difference between the output of the amplitude sens- 
ing circuit and the information stored in the am- 
plitude storing means and to the difference between 
the output of the phase sensing circuit and the 
information stored in the phase storing means. 



Rank Xen» (UK) Business Services 



BNSOOCIO: <EP 051 1«06A1_L> 



EP0 611 408 A1 



\ 



2 



FIG. 1 



SECOND SELECTION CIRCUIT 



-10U 



105- 



PHASE DETECTING 
CIRCUIT 



106 



8- 



WfLITUDE 
DETECTING CIRCUIT 



105 

UJ 



-102 



-6 



101 



EXCITATION 
CIRCUIT 



-100 



a 



CONTROL 
CIRCUIT 



12 



PHASE MEMORY 
MEANS 



io- 



AtftlTUDE 
ICMQRY IONS 



BMSDOCIO: <EP__051 I«06A1J_» 



1 



EP 0 511 406 A1 



2 



TECHNICAL FIELD 

The present invention relates to a cordless 
coordinate reading system for inputting coordinates 
into an external device such as a computer and, 
more particularly, to a wireless coordinate reading 
system which need not have a connection between 
its body and a coordinate indicator through a signal 
line. 

BACKGROUND ART 

In order to detect the state of a switch or the 
like attached to a coordinate indicator of a coordi- 
nate reading system in which an electromagnetic 
coupling between an excitation line group and a 
detection line group laid in a coordinate reading 
area is interlaced through a resonance circuit at* 
tached to the coordinate indicator and having a coil 
and a first capacitor, there is a method in winch the 
phase of an induction signal produced in the detec- 
tion line group by connecting/disconnecting a sec- 
ond capacitor in parallel with said resonance circuit 
by turning ON/OFF the switch to change the reso- 
nance frequency of the resonance circuit is 
changed to determine the switch state from the 
rate of change in the phase. 

In case, for example, the second capacitor is 
connected in parallel with the resonance circuit by 
turning on the switch, the resonance frequency of 
the resonance circuit changes to a lower level so 
that the phase of the induction signal changes to 
delay. From this, the delay in the phase of the 
induction signal from the phase of the excitation 
signal is detected and compared with a constant 
threshold value to decide the switch state. 

On the other hand, there is known a method in 
which the phase of an induction signal produced in 
the detection line group by transmitting the depres- 
sion pressure to a pressure sensitive resistance 
element connected in parallel with said resonance 
circuit to change the resonance frequency of the 
resonance circuit is changed to determine the de- 
pression pressure from the rate of change in the 
phase. 

In case, for example, the resistance of the 
pressure sensitive resistance element is decreased 
with an increase in the depression pressure of the 
switch, the resonance frequency of the resonance 
circuit gradually changes to a lower level so that 
the phase of the Induction signal gradually changes 
to delay. From this, the delay In the phase of the 
induction signal from the phase of the excitation 
signal is detected and compared with a constant 
reference to decide the existence of the depression 
and is converted into the depression pressure. 

In the coordinate reading system of this kind, 
generally speaking, an electromagnetic shielding 



member such as a metal plate is often placed 
betow the coordinate reading area to shield unnec- 
essary noises or the like from the outside. 

In this case, however, the distance between the 
s coordinate indicator and the electromagnetic 
shielding member will change to change the induc- 
tance of the coil composing the resonance circuit 
of the coordinate indicator so that the resonance 
circuit has its resonance frequency changed to 
io exert influences upon the phase of the induction 
signal. In case the coordinate indicator moves apart 
from the coordinate reading area, for example, the 
inductance of the coil increases to decrease the 
resonance frequency of the resonance circuit to 
is delay the phase of the induction signal. 

In the prior art therefore, in case the coordi- 
nate indicator moves apart from the coordinate 
reading area, the delay in the phase of the induc- 
tion signal exceeds a threshold value for deciding 
20 the switch state or the depression. Thus, it may 
possibly be misjudged that the switch is ON or that 
the depression has occurred. 

In order to avoid the misjudgment for deciding 
the switch state, a sufficiently large value for the 
25 delay of the phase of the induction signal produced 
as a result of movement of the coordinate indicator 
has to be used as the threshold value for deciding 
the switch state, so that the phase range effective 
for the switch state decision is reduced. In case, for 
30 example, a plurality of switches are incorporated so 
that a plurality of threshold values are to be set for 
deciding their states, the margins between the 
threshold values disappear to raise another prob- 
lem that the dispersion of the phase due to the 
35 using circumstances, agings and individual differ- 
ences cannot be absorbed. 

If the reference value for deciding the depres- 
sion is increased in the method for deciding the 
switch depression, the delay in the phase cannot 
40 exceed the decision reference, in case the depres- 
sion pressure of the switch is relatively tow. thus 
raising another problem that the depression itself 
cannot be decided. 

45 DISCLOSURE OF THE INVENTION 

in order to solve the above-specified problems, 
according to a first invention, there is provided a 
wireless coordinate reading system which com* 

so prises: a coordinate reading area having a plurality 
of excitation line groups and a plurality of detection 
fine groups laid in superposition; a coordinate in- 
dicator having a resonance circuit composed of a 
coll and a first capacitor and having one or a 

55 plurality of series circuits connected in parallel with 
the resonance circuit a first selection circuit for 
selecting the excitation line groups sequentially; a 
second selection circuit for selecting the detection 
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line groups sequentially; an excitation circuit con- 
nected with the first selection circuit for feeding the 
excitation line groups with an excitation signal hav- 
ing a frequency in the neighborhood of the reso- 
nance frequency of the resonance circuit of the 
coordinate indicator; an amplitude detecting circuit 
connected with the second selection circuit for de- 
tecting the amplitude of an induction signal induced 
in me detection line groups; a phase detecting 
circuit for detecting the phase of the induction 
signal with respect to the excitation signal; am- 
plitude memory means for storing the output of the 
amplitude detecting circuit; phase memory means 
for storing the output of the phase detecting circuit 
and a control circuit for deciding the state of the 
switch in the coordinate indicator from both the 
difference between the output of the amplitude 
detecting circuit and the data stored in the am- 
plitude memory means and the difference between 
the output of the phase detecting circuit and the 
data stored in the phase memory means. 

In a second invention, moreover, the aforemen- 
tioned coordinate indicator in the first invention is 
exemplified by a coordinate indicator having a res- 
onance circuit composed of a coil and a capacitor 
and having a pressure sensitive resistance element 
connected in parallel with the resonance circuit for 
converting the depression pressure into a resis- 
tance value, and the aforementioned control circuit 
is exemplified by a control circuit for deciding the 
depression in the coordinate indicator from both 
the difference between the output of the amplitude 
detecting circuit and the data stored in the am- 
plitude memory means and the difference between 
the output of the phase detecting circuit and the 
data stored in the phase memory means. 

BRIEF DESCRIPTION OF DRAWINGS 

In Figs. 1 to 11 showing the first invention: Rg. 
1 is a diagram for explaining a structure of a 
coordinate reading system; Rg. 2 is a section 
showing a coordinate reading area; Rg. 3 is a 
circuit diagram showing a coordinate indicator of a 
first embodiment; Rg. 4 is a circuit diagram show- 
ing a coordinate indicator of a second embodiment 
Rg. 5 is a circuit diagram showing a coordinate 
indicator of a third embodiment, Rg. 6 is a diagram 
for explaining a structure of an excitation circuit 
Rg. 7 is a diagram for explaining a structure of a 
selection circuit Rg. 8 is a diagram for explaining 
a structure of an amplitude detecting circuit; Rg. 9 
is a diagram for explaining a structure of a phase 
detecting circuit Rg- 10 is a diagram for explaining 
the amplitude and phase of an induction signal 
when a switch is depressed; and Rg. 11 is a 
diagram for explaining the amplitude and phase of 
the induction signal against the distance of the 



coordinate indicator. 

tn Rgs. 12 to 15 showing the second invention, 
on the other hand: Rg. 12 is a diagram showing a 
coordinate reading system; Rg. 13 is a circuit 
s cfiagram showing a coordinate indicator, Rg. 14 is 
a diagram showing a structure of a stylus pen; and 
Rg. 15 is a diagram showing a structure of a 
cursor. 

10 BEST MODE FOR CARRYING OUT THE INVEN- 
TION 

A first embodiment of the first invention will be 
described in the following with reference to Rg. 1. 
is Rg. 1 is a diagram showing a structure of the 
coordinate reading system according to the present 
invention. In Rg. 1: reference numeral 1 designates 
excitation line groups; numeral 2 detection line 
groups; and numeral 3 a coordinate reading area 
20 which is constructed by arranging the excitation 
line groups 1 and the detection line groups 2 
individually at an equal spacing and at a right 
angle. Numeral 4 designates a coordinate indicator 
having a resonance circuit as will be described 
25 hereinafter. Numeral 5 an excitation circuit for feed- 
ing an excitation signal 101 to the excitation line 
groups 1. Numeral 6 designates a first selection 
circuit for selecting the excitation line groups se- 
quentially, and numeral 7 designates a second 
30 selection circuit for selecting the detection fine 
groups 2 sequentially. Numeral 8 designates an 
amplitude detecting circuit for detecting the am- 
plitude of an induction signal 104 produced in the 
detection line groups, and numeral 9 designates a 
35 phase detecting circuit for detecting the phase of 
the induction signal 104. Numeral 10 designates 
amplitude memory means for storing an output 105 
of the amplitude detecting circuit & and numeral 
11 designates phase memory means for storing an 
40 output 108 of the phase detecting circuit 9. These 
means 10 and 11 are individually constructed of a 
RAM (i.e., Random Access Memory). Numeral 12 
designates a control circuit which is constructed of 
a microprocessor. 
4$ Fig. 2 is a section showing the coordinate 
reading area 3. In Rg. 2, the excitation line groups 
1 and the detection line groups 2 are individually 
laid in the two faces of a circuit substrate 31 , which 
is arranged therebelow with an electromagnetic 
50 shielding member 33 through a spacer 32. 

Rg. 3 shows a circuit owned by the coordinate 
indicator 4. In Fig. 3, numerals 40 and 41 designate 
a coil and a capacitor, respectively, which con- 
stitute together an LC resonance circuit. Numerals 
65 42 and 43 a switch and a second capacitor, re- 
spectively, which are connected in series with each 
Other and further in parallel with the aforemen- 
tioned LC resonance circuit. 
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Fig. 6 is a diagram showing a structure of the 
excitation droit 5. In Fig. 6. numeral 50 a 
waveform shaping circuit, and numeral 51 des- 
ignates an amplifier circuit. The waveform shaping 
circuit 50 shapes the waveform of a square excita- 
tion clock 100 inputted from the control circuit 12 
and transforms it into a sine wave, which is am- 
plified by the amplifier circuit 51 to output the 
excitation signal 101. 

Fig. 7 is a diagram showing a structure of the 
first selection circuit 6. In Fig. 7, numeral 60 des- 
ignates a decoder, and numeral 61 designates a 
switch element group. In response to a first selec- 
tion signal 102 inputted from the control circuit 12, 
the decoder 60 turns on one of the individual 
switch elements 61a to 61n of the switch element 
group 61. As a result the excitation signal 101 
inputted from the excitation circuit 5 is fed to that 
one the individual excitation lines 1a to in of the 
excitation line group 1. which corresponds to the 
ON switch element 

The second selection circuit 7 has a structure 
identical to that of the first selection circuit 6 so 
that its detail is not shown. What is different re- 
sides in that the second selection circuit 7 selects 
the detection line group 2 in accordance with a 
second selection signal 103 to output the induction 
signal 104 produced in the selected detection line, 
whereas the first selection circuit 6 selects the 
excitation fine group 1 in accordance with the first 
selection signal 102 to feed the excitation signal 
101 to the selected excitation line. 

Fig. 8 is a diagram showing a structure of the 
amplitude detecting circuit. In Fig. 8: numeral 80 
designates an amplifier circuit; numeral 81 a detec- 
tion circuit; numeral 82 a smoothing circuit such as 
a low-pass filter; and numeral 83 an A/D converter 
circuit. The amplitude detecting circuit 8 inputs the 
induction signal 104 through the amplifier circuit 
80, the detection circuit 81, the smoothing circuit 
81 and the A/D converter circuit 83 in the recited 
order to output the signal 105 which is produced 
by digitizing the amplitude of the induction signal 
104. 

Fig. 9 is a diagram showing a structure of the 
phase detecting circuit 9. In Fig. 9: numeral 90 
designates an amplifier circuit numeral 91 a com- 
parator, numeral 92 an exclusive OR element nu- 
meral 93 a resistor; numeral 94 a capacitor; and 
numeral 95 an A/D converter circuit. The induction 
signal 104 is amplified by the amplifier circuit 90 
and is transformed into a square wave by the 
comparator 91 until it is connected with one input 
of the exclusive OR element 92. This exclusive OR 
element 92 has its other input connected with the 
excitation clock 100 so that it outputs a pulse 
signal which expresses in a pulse width the phase 
difference of the induction signal 104 from the 



excitation clock 100. The resistor 93 and the ca- 
pacitor 94 constitutes together an integration circuit 
which integrates the output of the exclusive OR 
element 92 to convert it into a voltage signal ex- 
5 pressing the aforementioned phase difference in a 
voltage. The A/D converter circuit 95 outputs the 
signal 106 which is produced by digitizing the 
aforementioned voltage signal. 

Incidentally, the structures of the amplitude de- 
10 tecting circuit 8 and the phase detecting circuit 9 
are not essential of the present invention, but it is 
sufficient that those circuits 8 and 9 can convert 
the amplitude of the induction signal 104 and the 
phase difference of the induction signal from the 
T6 excitation signal 101 into signals which can be 
processed by the control circuit 12. Thus, various 
structures could be conceived but should not be 
restricted to those of the present embodiment. 
The operations of the present embodiment will 
20 be described in the following. In Rg. 1, the control 
circuit 12 outputs not only the excitation clock 100 
to the excitation circuit 5 but also the first selection 
signal 102 so that the first selection circuit 6 may 
select the individual excitation lines of the excita- 
25 tion line group 1 sequentially. As a result, the 
selected excitation lines are sequentially fed with 
the excitation signal 101 to generate an alternating 
magnetic field. On the other hand, the control cir- 
cuit 12 outputs the second selection signal 103 so 
30 that the second selection circuit 7 may select the 
individual detection lines of the detection line group 
2 sequentially while an arbitrary one excitation One 
is being selected. As a result, the detection line 
thus selected is connected with the amplitude de- 
35 tecting circuit 8 and the phase detecting circuit 9. 
The control circuit 12 repeats the operations thus 
far described. These operations will be called the 
"scanning". Incidentally, the scanning order should 
not be limited to that of the aforementioned exam- 
40 pie but may repeat the sequential selections of the 
excitation lines while an arbitrary detection line is 
being selected. 

Here, in case the coordinate tncficator 4 is not 
positioned over the coordinate reading area 3, the 
45 excitation Gen group and the detection fine group 2 
run at a right angle so that no induction current is 
generated in the detection line group 2 by the 
alternating magnetic field generated in the excita- 
tion line group 1. In case, on the other hand, the 
so coordinate indicator 4 is positioned over the coordi- 
nate reading area 3, an electromagnetic couping is 
established between the excitation line in the 
neighborhood of the coordinate indicator 4 and the 
coil 40 in the coordinate indicator 4 and between 
55 the coil 40 and the detection ine in the neighbor- 
hood of the coordinate indicator 4 and is outputted 
as the induction signal 104 through the second 
selection circuit 7, when said excitation line and 
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said detection line are selected in the aforemen- 
tioned scanning operation. 

The degree of the electromagnetic coupling 
has a correlation to the distance from sad excita- 
tion line and said detection line to the coordinate 
indicator 4 so that said induction current has its 
magnitude changing with the position of the coordi- 
nate indicator 4. Thus, the coordinate values in- 
dicating the position of the coordinate indicator 4 
can be calculated by sequentially inputting through 
the amplitude detecting circuit 8 the amplitude of 
the induction signal 104 when the excitation lines 
and the detection lines in the neighborhood of the 
position of the coordinate indicator 4 are scanned 
in the control circuit 12. The coordinate calculating 
method is not the gist of the present invention so 
that its detail will be omitted. 

Next, here will be described a decision of the 
state of a switch which is carried on the coordinate 
indicator 4 in accordance with the gist of the 
present invention. 

It is assumed in the resonance circuit of the 
coordinate indicator 4 shown in. Fig. 3 that the 
resonance frequency be set to a value slightly 
higher than the excitation frequency of the excita- 
tion signal 101 in case of the switch is OFF. If the 
switch is then turned on, the second capacitor 43 is 
connected in parallel witti the resonance circuit, so 
that the resonance frequency changes to a lower 
value, i.e., the excitation frequency. As a result, the 
induction signal obtained by the aforementioned 
scanning is changed to have a larger amplitude 
and a more delayed phase in case the switch of 
the coordinate indicator 4 is ON than in case the 
same is OFF. These behaviors will be further de- 
scribed with reference to Fig. 10. 

The behaviors of these changes will be further 
described with reference to Rg. 10. In Fig. 10. the 
abscissa Indicates a resonance frequency of 
the coordinate indicator 4, and the ordinates in- 
dicates the amplitude V and the phase * of the 
induction signal 104. Moreover, letters W des- 
ignate the excitation frequency of the excitation 
signal 101. As shown in Rg. 10, the amplitude V 
takes its maximum, when the resonance frequency 
fres is coincident with the excitation frequency f rf rr. 
and grows the smaller as the resonance frequency 
fres shifts the more from the excitation frequency 
W On the contrary, the phase 4> is characterized 
to delay monotonously as the resonance frequency 
fms drops. Here, it is assumed that the resonance 
frequency 1 W in case the switch is OFF is set to a 
value f a slightly larger than the excitation frequency 
W Then, the amplitude V takes a value V a> and 
the phase <f> takes a value $ a . If, on the contrary, 
the resonance frequency f r „ is changed to a lower 
value, i.e.. the excitation frequency f*v and is shift- 
ed to a value f b in case the switch is turned on to 



connect the second capacitor 43, the amplitude V 
takes a value V Dl and the phase takes a value $ b - 
In short, it Is understood from Rg. 10 thai the 
amplitude V is changed to increase from the value 

6 V a to the value V b whereas the phase <P is changed 
to delay from the value £ 0 to the value <p b when 
the switch is shifted to the ON state. 

In case, on the other hand, the coordinate 
reading area 3 is underlain by the electromagnetic 

ro shielding member 33 of a metal plate or the like, as 
shown in Rg. 2, that is, in case the distance 
between the coil 40 in the coordinate indicator 4 
and the electromagnetic shielding member 3 in- 
creases, the resonance frequency of the resonance 

16 circuit of the coordinate indicator 4 drops so that 
the phase of the induction signal 104 also changes 
to delay as in case the switch is turned on. There- 
fore, it is impossible to decide the switch state only 
from the change in the phase. If, however, the 

20 amplitude of the induction signal 104 is noted in 
this case, the distance between tie coordinate in- 
dicator 4 and the coordinate reading area 3 is 
increased to decrease the degrees of electromag- 
netic coupling between the excitation line group 1 

25 and the coil 40 in the coordinate indicator 4 and 
between the coil 40 and the detection line group so 
that the amplitude of the induction signal 104 
changes to decrease. These behaviors will be de- 
scribed with reference to Rg. 11. In Rg. 11, the 

30 abscissa indicates the distance h between the co- 
ordinate indicator 4 and the coordinate reading 
area 3. and the ordinate indicates the amplitude V 
and the phase $ of the induction signal 104. Rg. 
11 shows the characteristics, in which the am- 

35 piitude V gradually decreases whereas the phase <t> 
gradually delays as the distance H increases. Here 
will be considered the case, in which the coordi- 
nate indicator 4 moves from a distance h a to a 
distance he, namely, in which the coordinate indica- 

40 tor 4 changes to move apart from the coordinate 
reading area 3. Then, it is understood that the 
amplitude V changes to decrease from the value V a 
to a value V c whereas the phase ♦ delays from the 
value $ a to a value <fr c . 

45 In case the switch of the coordinate indicator 4 
is turned on and in case the switch is moved apart 
from the coordinate reader 3, as has been de- 
scribed hereinbefore with reference to Rgs. 10 and 
11, the change in the amplitude is inverse although 

so the change in the phase of the induction signal 104 
is similar. Thus, this is noted in the present inven- 
tion so that whether or not the switch is depressed 
is decided not from the change in fre phase only 
but from the changing directions of the phase and 

55 the amplitude. 

Reverting to Rg. 1, the decision of the switch 
depression will be further described. In Rg. 1, as 
has been described hereinbefore, the control circuit 
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12 scans the excitation Bne group 1 and the detec- 
tion One group 2 in the neighborhood of the coordi- 
nate indicator 4 and inputs the amplitudes of the 
induction signal 104 sequentially through the am- 
plitude detecting circuit 8 so as to calculate the 
coordinate values indicated by the coordinate in- 
dicator 4. In order to decide the switch state, the 
phase of the induction signal 104 is inputted in 
parallel through the phase detecting circuit 9. and 
the individual changes in the amplitude and phase 
obtained when the excitation line and the detection 
fine in predetermined positional relations to the 
coordinate indicator 4 in the aforementioned scan- 
ning are detected. The phase could be detected 
while the neighborhood of the coordinate indicator 
4 is scanned so that the induction signal 104 is 
produced. Considering the S/N ratio, however, the 
detection of the phase is preferable when the am- 
plitude of the induction signal 104 takes its maxi- 
mum, namely, when the excitation line and the 
detection line closest to the coordinate indicator 4 
are selected. Therefore, the control circuit 12 
achieves the amplitude and phase changing direc- 
tions of the induction signal 104 by scanning the 
excitation line group 1 and the detection tine group 
2 repeatedly, by storing the output 105 of the 
amplitude detecting circuit 8 in the amplitude 
memory means 10, when the amplitude of the 
induction signal 104, i.e.. the output 105 of the 
amplitude detection circuit 8 takes the maximum in 
one scanning cycle, by storing the phase of the 
induction signal 104 obtained simultaneously, i.e.. 
the output 106 of the phase detecting circuit 9 in 
the phase memory means 11, and by comparing 
the magnitudes of the output 105 and the output 
106, which are obtained under the same condition 
in the subsequent scanning cycle. After this com- 
parison, the output 105 and the output 106 are 
Gkewise stored in the amplitude memory means 10 
and the phase memory means 1 1 so that they may 
be compared in the subsequent scanning cycle. By 
repeating the foregoing processing steps, the con- 
trol circuit 12 detects the amplitude and phase 
changing directions of the induction signal 104 
sequentially for each scanning and decides that the 
switch is turned on, if the changing rates of the 
phase and the amplitude exceed individual con- 
stant threshold values when the phase changes to 
delay and when the amplitude changes to increase. 
After the decision of the switch depression, more- 
over, the control circuit 12 decides that the switch- 
off state is restored, if the phase of the induction 
signal 104 is lower than the value when the afore- 
mentioned switch depression is decided. 

Fig. 4 shows a circuit of the coordinate indica- 
tor in a second embodiment In the first embodi- 
ment, the coordinate indicator has one switch, as 
shown in Fig. 3, but the present embodiment is 
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exemplified by having two switches. In Ftg. 4, the 
numeral 40 designates the coil, and the numeral 41 
designates the first capacitor. These elements con- 
stitute an LC resonance circuit, as in Fig. 3. Nu- 

6 morals 42a and 42b designate switches, and nu- 
merals 43a and 43b designate second capacitors. 
The switch 42a and capacitor 43a and the switch 
42b and capacitor 43b are individually connected in 
series with each otfier and further in parallel with 

io the aforementioned LC resonance circuit Specifi- 
cally, the capacitor 43a is connected in parallel with 
the resonance circuit, if the switch 42a is turned on, 
and the capacitor 43b is connected if the switch 
42b is turned on. ff the capacitors 43a and 43b 

?6 have their capacities set to different values, the 
rates of change of the phases of the induction 
signals when the switches 42a and 42b are individ- 
ually turned on can be made different In this case, 
therefore, by setting two threshold values for the 

20 rates of change of the phases in the control circuit 
12, it is possible to decide which of the switches 
42a and 42b is turned on. The states of the plural- 
ity of switches can naturally be likewise decided if 
the plurality of series circuits of switches and ca- 

2s pad tors are connected in parallel with the LC reso- 
nance circuit to set the plurality of threshold values. 

Fig. 5 shows a circuit of the coordinate indica- 
tor 4 in a third embodiment The present embodi- 
ment presents another one which is equipped with 

30 two switches. In Fig. 5, the numeral designates the 
coil, and the numeral 41 designates the first ca- 
pacitor. These elements constitute the LC reso- 
nance circuit as in Fig. 3. The numerals 42a and 
42b designates the switches; the numeral 43 des- 

35 ignates the second capacitor, and numerals 44a 
and 44b designate resistance elements. The switch 
42a and resistance element 44a and the switch 42b 
and resistance element 44b are individually con- 
nected in series to constitute switch sub-circuits. 

40 These switch sub-circuits are connected in parallel 
with each other and further in parallel with the 
aforementioned LC resonance circuit. Specifically, 
the series circuit of the resistance element 44a and 
the capacitor 43 is connected in parallel with the 

45 resonance circuit, if the switch 42a is turned on, 
and the series circuit of the resistance element 44b 
and the capacitor 43 is connected in parallel if the 
switch 42b is turned on. Here, the rates of change 
of the phases of the induction signals in case the 

so switches 42a and 42b are individually turned on 
can be made different by setting the resistance 
values of the resistance elements 44a and 44b to 
different values. In the second embodiment, the 
plurality of capacitors having the different capaclt- 

55 ies are connected in parallel with the resonance 
circuit in accordance with the switches turned on. 
In the present embodiment, on the contrary, the 
rates of change of the phases are made different 

7 
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by connecting the resistance elements having the 
different resistance values in series with the com- 
mon second capacitor and further in parallel with 
the resonance circuit Generally speaking, sines the 
resistance elements having higher accuracies and 
number of effective figures than those of the ca- 
pacitors can be easily obtained, the present em- 
bodiment is advantageous in that the rates of 
change of the phases can be easily set In this 
case, too, it is possible to decide Gke the second 
embodiment which of the switches 42a and 42b is 
turned on. By connecting a plurality of the afore- 
mentioned switch sub-circuits in parallel, moreover, 
the states of a plurality of switches can be decided. 

Next, an embodiment according to the second 
invention will be described with reference to the 
diagram of fig. 12. in Fig. 12, the control circuit 13 
and the coordinate indicator 14 are different from 
those of the first embodiment, but the remaining 
structure is similar' to that of the embodiments 
according to the first invention. 

Fig. 13 shows a circuit owned by the coordi- 
nate indicator. In Fig. 13, numeral 140 designates a 
coil, and numeral 141 designates a capacitor. 
These elements constitutes an LC resonance cir- 
cuit Numeral 142 designates a pressure sensitive 
resistance element which is connected in parallel 
with the aforementioned LC resonance circuit 

Figs. 14 and 15 are diagrams showing the 
structures of a stylus pen and a cursor, which 
exemplify the coordinate indicator 14 specifically. 

In Fig. 14, numeral 400 designates a casing, 
and numeral 401 designates a circuit substrate. In 
the casing 400, there are fixed the coil 140 and the 
circuit substrate 401. In this circuit substrate 401, 
there is arranged the capacitor 141 which is so 
connected that the coil 140 and the pressure sen- 
sitive resistance element 142 constitute the LC 
resonance circuit shown in Fig. 13 (although the 
wiring lines are omitted from Fig. 14). Numeral 402 
designates a stylus core; numeral 403 a chuck; and 
numeral 404 a coil spring. The stylus core 402 is 
fixed in the chuck 403. and the stylus core 402 and 
the chuck 403 can move relative to the casing 400. 
However, the chuck 403 is biased apart from the 
pressure sensitive resistance element 142 by the 
coil spring 404. In case, therefore, the stylus pen is 
caused to indicate the coordinate reading area 3 
(i.e., depressed), the pressure sensitive element 
142 is pressed the more through the stylus core 
402 and the chuck 403 as the depression pressure 
increases, and the chuck 403 and the stylus core 
402 are returned by the coil spring 404, as the 
depression pressure decreases, so that the pres- 
sure sensitive element 142 is released from the 
pressure. 

In Fig. 15, on the other hand: numeral 410 
designates a casing; numeral 411 a circuit sub- 



strate; and numeral 412 a base. The circuit sub- 
strate 411 is fixed in the casing 410, and the coil 
140 is fixed in the base 412. The circuit substrate 
41 1 is arranged with the capacitor 141, and the coil 

5 140 and the pressure sensitive resistance element 
142 are connected to constitute the tC resonance 
circuit shown in Fig. 13 (although the wiring lines 
are omitted from Fig. 15). Numeral 413 designates 
a cursor button, and numeral 414 designates a coil 

io spring. The cursor button 413 is made movable 
relative to the casing 410 and is urged apart from 
the pressure sensitive element 142 by the coil 
spring 414. As a result, in case of the depression 
of the cursor button* 413, the pressure sensitive 

ra resistance element 142 is pressed the more, as the 
depression pressure increases the more, and the 
cursor button 413 is returned by the coil spring 
414, as the depression pressure decreases, so that 
the pressure sensitive resistance element 142 is 

20 released from the pressure. 

Next, the operations of the present embodi- 
ment will be described in the following. The 
"scanning operation 1 * for selecting the excitation 
lines and the detection lines sequentially is similar 

25 to that of the embodiments according to the first 
invention and will be omitted. What will be de- 
scribed is the decision of the depression of the 
switch carried on the coordinate indicator 14 ac- 
cording to the gist of the present invention. 

30 It is assumed in the resonance circuit of the 
coordinate indicator 14 shown in Fig. 13 that the 
resonance frequency be set to a value slightly 
higher than the excitation frequency of the excita- 
tion signal 101 in case of no switch depression. If 

35 the switch is then depressed, this depression pres- 
sure is transmitted to the pressure sensitive resis- 
tance element 142 to decrease the resistance, as 
has been described hereinbefore, so that the reso- 
nance frequency changes to a lower value, i.e., the 

40 excitation frequency. As a result, the induction sig- 
nal obtained by the aforementioned scanning is 
changed to have a larger amplitude and a more 
delayed phase in case of the depression of the 
switch of the coordinate indicator 14 than in case of 

45 no depression. The behaviors of these changes will 
be further described again with reference to Fig. 
10. 

Here, it is assumed that the resonance fre- 
quency f res in case of no switch depression is set 

so to a value f« slightly larger than the excitation 
frequency W Then, the amplitude v takes a value 
V 0 , and the phase <p takes a value * «. If, on the 
contrary, the resonance frequency f^ is changed 
to a lower value, i.e., the excitation frequency fdrv 

55 and is shifted to a value f b in case of the switch 
depression by the decrease in the resistance of the 
pressure sensitive resistance element 42, the am- 
plitude V takes a value V b , and the phase takes a 
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value $ b- In short, it is understood from Rg. 10 
that the amplitude v Is changed to increase from 
the value V a to the value V b whereas the phase 4 
is changed to delay from the value $ 9 to the value 
$ b by the switch depression. s 

In case, on the other hand, the coordinate 
reading area 3 is underlain by the electromagnetic 
shielding member 33 of a metal plate or the like, as 
shown in Rg. 2, and in case the coordinate indica- 
tor 14 is moved apart from the coordinate reading to 
area 3, that Is, in case the distance between the 
coil 140 in the coordinate indicator 14 and the 
electromagnetic shielding member 33 increases, 
the resonance frequency of the resonance circuit of 
the coordinate indicator 14 drops so that the phase rs 
of the induction signal 104 also changes to delay 
as in case the switch is depressed. Therefore, it is 
impossible to decide the switch depression only 
from the change in the phase. If. however, the 
amplitude of the induction signal 104 is noted in 20 
this case, the distance between the coordinate in* 
dicator 14 and the coordinate reading area 3 is 
increased to decrease the degrees of electromag- 
netic coupling. between the excitation line group 1 
and the coil 140 in the coordinate indicator 14 and 2s 
between the coil 140 and the detection line group 
so that the amplitude of the induction signal 104 
changes to decrease. These behaviors will be de- 
scribed again with reference to Rg. 11. In case the 
coordinate indicator 14 moves from a distance h» 30 
to a distance he. namely, that is, in case the coordi- 
nate indicator 14 changes to move apart from the 
coordinate reading area 3. Then, it is understood 
that the amplitude V changes to decrease from the 
value V a to a value V e whereas the phase $ delays 35 
from the value 4> a to a value <f> c . 

In case the switch of the coordinate indicator 
14 is depressed and in case the switch is moved 
apart from the coordinate reading area 3, as has 
been described hereinbefore with reference to 40 
Rgs. 10 and 11, the change in the amplitude is 
inverse although the change in the phase of the 
induction signal 104 is similar. Thus, this is noted 
in the present invention so that whether or not the 
switch is depressed is decided not from the 45 
change in the phase only but from the changing 
directions of the phase and the amplitude. 

The decision of the switch depression is similar 
to that of the embodiments according to the first 
invention. The control circuit 13 achieves the am- so 
plitude and phase changing directions of the induc- 
tion signal 104 by storing the output 105 of the 
amplitude detecting circuit 8 in the amplitude 
memory means 10 while scanning, when the am- 
plitude of the induction signal 104, i.e., the output 55 
105 of the amplitude detection circuit 8 takes the 
maximum in one scanning cycle, by storing the 
phase of the induction signal 104 obtained simulta- 



neously, i.e., the output 108 of the phase detecting 
circuit 9 in the phase memory means 11, and by 
comparing the magnitudes of the output 105 and 
the output 106, which are obtained under the same 
concfition in the subsequent scanning cycle. After 
this comparison, the output 105 and the output 108 
are likewise stored in the amplitude memory 
means 10 and the phase memory means 11 so 
that they may be compared in the subsequent 
scanning cycle. By repeating the foregoing pro- 
cessing steps, the control circuit 13 detects the 
amplitude and phase changing directions of the 
induction signal 104 sequentially for each scanning 
and decides that the switch is depressed, if the 
changing rates of the phase and the amplitude 
exceed individual constant threshold values when 
the phase changes to delay and when the am- 
plitude changes to increase. After the decision of 
the switch depression, moreover, the control circuit 
13 decides that the switch-off state is restored, if 
the phase of the induction signal 104 is lower than 
the value when the aforementioned switch depres- 
sion is decided. 

In order to determine the depression pressure 
while the switch is being depressed, the changing 
rate of the phase can be calculated with reference 
to the phase of the induction signal 104 at the 
instant when the depression is decided, for exam- 
ple, to. convert the changing rate into the depres- 
sion pressure. By changing the set values of the 
aforementioned threshold values, moreover, the 
sensitivity to the switch depression can be varied. 

INDUSTRIAL APPLICABILITY 

As has been described hereinbefore, according 
to the first invention, in the coordinate reading 
system, in which the electromagnetic coupling be- 
tween the plurality of excitation tine groups and the 
plurality of detection line groups laid in the coordi- 
nate reading area is interfaced through the reso- 
nance circuit carried in the coordinate indicator, the 
second capacitor is connected/disconnection in 
parallel with the resonance circuit by turning 
ON/OFF the switch carried in the coordinate indica- 
tor to change the resonance frequency of the reso- 
nance circuit so that the phase and the amplitude 
of the induction signal obtained in the detection line 
groups may be changed. 

According to the second Invention, moreover, 
in the coordinate reading system, in which the 
electromagnetic coupGng between the plurality of 
excitation fine groups and the plurality of detection 
line groups laid in the coordinate reading area is 
interfaced through the resonance circuit carried in 
the coordinate indicator, the depression pressure of 
the switch or the like carried in the coordinate 
indicator is transmitted to the pressure sensitive 
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resistance elements connected in parallel with the 
resonance circuit to change the resonance fre- 
quency of the resonance circuit so that the phase 
and the amplitude of the induction signal obtained 
in the detection Gne groups may be changed. 5 
Moreover, these phase and amplitude are individ- 
ually detected by me phase detecting circuit and 
the amplitude detecting circuit so that the depres- 
sion of the switch is decided from their indvidual 
changing directions by the control circuit n> 

Thus, it is possible to realize a cordless coordi- 
nate reading system which can decide the state of 
the switch carried in the coordinate indicator with- 
out connecting the coordinate reading system body 
and the coordinate indicator through any signal is 
line. 

Especially in case the coordinate reading area 
is underlain by the electromagnetic member such 
as a metal plate, the phase of the induction signal 
is changed by the change in the distance from the 20 
coordinate indicator so that the decision of the 
switch state is troubled in the method of the prior 
art. This trouble can be eliminated in the present 
invention. 

Since, moreover, the phase of the induction as 
signal at the time of transition of the switch to the 
ON state is dispersed due to the temperature 
changes, agings and individual differences of the 
individual elements composing the resonance cir- 
cuit of the coordinate indicator and the individual 30 
elements composing the individual circuits of the 
coordinate reading apparatus body, the prior art is 
equipped with an adjusting mechanism for adjust- 
ing the constants of the individual circuits to correct 
the dispersion in case the absolute threshold value 35 
is set as a reference for deciding the switch state 
with respect to the phase of the induction signal. In 
the present invention, however, the reference for 
the switch state decision Is relatively set at each 
time of turning on the switch, and the rate of 40 
change from this reference is compared for the 
switch decision with the constant threshold value. 
As a result, the present invention can realize a 
wireless coordinate reading systBm which can al- 
ways decide the switch state without any necessity <5 
for the adjusting mechanism of the prior art, ir- 
respective of the using circumstances and years or 
without losing the interchangeability ol the coordi- 
nate indicator. 

50 

Claims 



and having one or a plurality of series circuits 
each composed at least a switch and a second 
capacitor connected in parallel with said reso- 
nance circuit; 

a first selection circuit for selecting said 
excitation line groups sequentially; 

a second selection circuit for selecting 
said detection line groups sequentially; 

an excitation circuit connected with said 
first selection circuit for feeding said excitation 
line groups with an excitation signal having a 
frequency in the neighborhood of the reso- 
nance frequency of the resonance circuit of 
said coordinate indicator; 

an amplitude detecting circuit connected 
with said second selection circuit for detecting 
the amplitude of an induction signal induced in 
said detection fine groups; 

a phase detecting circuit for detecting the 
phase of said induction signal with respect to 
said excitation signal; 

amplitude memory means for storing the 
output of said amplitude detecting circuit; 

phase memory means for storing the out- 
put of said phase detecting circuit; and 

a control circuit for deciding the state of 
the switch in said coordinate indicator from 
both the difference between the output of said 
amplitude detecting circuit and the data stored 
in said amplitude memory means and the dif- 
ference between the output of said phase de- 
tecting circuit and the data stored in said 
phase memory means. 

2. A coordinate reading system as set forth in 
Claim 1; 

wherein said coordinate indicator is one 
having a resonance circuit composed of a coil 
and a capacitor and having a pressure sen- 
sitive resistance element connected in parallel 
with said resonance circuit for converting the 
depression pressure into a resistance value, 
and 

wherein said control circuit is one for de- 
ciding the depression in said coordinate indica- 
tor from both the difference between the output 
of said amplitude detecting circuit and the data 
stored in said amplitude memory means and 
the difference between the output of said 
phase detecting circuit and the data stored in 
said phase memory means. 



1. A coordinate reading system comprising: 

a coordinate reading area having a plural- 
ity of excitation line groups and a plurality of 55 
detection line groups laid in superposition; 

a coordinate indicator having a resonance 
circuit composed of a coil and a first capacitor 
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